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® High vtacottty potyoxyalfcylene glycol block copolymers and method of making the seme. 



A high molecular weight, high viscosity liquid, water 
soluble polydxyalkylene block copolymer suitable as a 
functional fluid is provided having the formula 



© The present invention deals with high viscosity poly- 
oxyalkylene glycol block copolymers and a method of 
making the same. 

OH HO 

H-KOCHCH^OR3 f>fCH 2 CH<>3H^L-Q^r>f^ O^CHjCHCH-4-H 
h R 1 R 2 R 2 



_ wherein Q is the organic residue from an organic diiso- 
7" cyanate; x is an integer in the range of about 1 to 10; R 1 
^ and R 2 are hydrogen, methyl, ethyl, or mixtures thereof 
with the proviso that the overall content of species where- 
in weight; R 3 and R 4 are organic residues resulting from 
|^ in R* and R 2 are hydrogen must be at least 50 percent by 



the removal of terminal hydrogen atoms from difunctional 
polyols. y and z are integers representing the polyether 
blocks in said copolymer and the sum of which must be 
from about 1.05 to 2.0 times the value of x; and n, m, r, 
and s are integers wherein n = m and r = s and the 
sums n + m and r + s are each in the range of 8 to 250. 
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HIGH VISCOSITY POLYOZIMiKYIiEIIB QrLYCOL BLOCK COPOLYMERS 
AMD METHOD OF MAKING- THE SAME * 

This invention relates to water soluble poly- 

5 ether copolymers, and, more particularly, to novel high 
viscosity, liquid water soluble polyoxyalkylene glycol- 
polyurethane copolymers suitable for use as functional 
fluids and to the method of preparing the same. 

Water soluble poly(alkylene oxide) polymers 

10 have achieved wide scale commercial acceptance as func- 
tional fluids for a broad spectrum of applications such 
as lubricating fluids, hydraulic fluids, metal working 
lubricants, heat transfer fluids and metal-quenching 
mediam. As functional fluids, the poly(alkylene oxide) 

15 polymers can be used in either their substantially 100$ 
concentrated form, or, most widely, in aqueous composi- 
tions thereof where the polymer serves as both lubricant 
and thickening agent or viscosity builder . 

Poly(alkylene oxide) polymers which are most 

20 widely used as functional fluids are, in general, copoly- 
mers that will contain both oxyethylene groups and higher 
oxyalkylene groups, such as oxypropylene and oxybutylene 
groups. The amount of oxyethylene groups in the molecule 
is such that the polymers are soluble in water at 

25 ordinary temperatures and the amount of oxypropylene 

or higher oxyalkylene groups is such that the polymers 
remain liquid at ordinary temperatures up to molecular 
weights of 40,000 and higher*. 

The poly(alkylene oxide) polymers can be prepared 

30 as disclosed, for example, in U.S. Patent 2,425,845 to 
Toussaint et al. , under conditions permitting control 
over such important parameters as molecular weight, comp- 
osition,, and molecular structure. Thus,' for example, by 
appropriate selection of initiator, epoxide ratio 

35 (ethylene oxide-propylene oxide ratio), and mode of feed 
(mixed, sequential, gradient, etc.); poly(alkylene oxide) 
polymers can be prepared with generally precise 
controlled viscosity, solubility, cloud point, surface 
tension, and the like characteristics which are critical 
to the performance of a functional fluid. 
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Fotwithstanding the versatility arid desirability 
of poly (al frylene oxide) polymers as a class of functional 
fluids, the polymers % do have some limitations such as 
"being generally more expensive than alternate petroleum 

5 derived materials. To offset these economic limitations 
a combination of superior performance characteristics 
must he relied on. For example, in water-based systems, 
pdly(alkylene oxide) polymers of high viscosity are 
required so that lower concentrations of polymer can he 

10 employed. Known, conventional poly (alkylene oxide) 

polymers exhibit viscosities which axe directly related 
to their molecular weight. However, molecular weights 
much greater than 20,000 are difficult to obtain from 
ethylene dxide-prdpylehe oxide copolymers because of 

15 undesirable side reactions involving the propylene oxide 
moiety, and the costs attendant with overcoming the 
process difficulties of preparing high molecular weight 
polymers, which includes carrying out the reaction in 
multiple stages, further increases the costs and econ- 

20 omic disadvantages thereof. At the same time, lower 
molecular weight polymers, which may be prepared in a 
single stage reaction, are inefficient as thickening 
agents and must be used at economically, prohibitive 
concentrations • 

25 It would be highly desirable, therefore, to 

develop water" soluble poly (al frylene oxide) polymers of 
very high molecular weights and/or viscosities that 
exhibit effective functional fluid characteristics and 
are highly efficient thickening agents for water-based 

30 systems. Moreover, the development of such polymers 

which could be readily and economically prepared would 
certainly be highly advantageous. 

Within the past -few years other chemical methods 
have been suggested for preparing high molecular weight 

35 poly (al frylene oxide) polyols such as, for example, disc- 
losed in U.S. Patent 2,990,396 to Clark et al and U.S. 
Patent 4,113,785 to Helfert et al wherein polydxyalky- 
lene polyols are reacted with polyepoxides or diepoxy 
compounds in various ratios to prepare a variety of high 
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molecular weight polymers that may be water insoluble and 
cross-linked or may be water soluble. However, in the case 
where water-soluble polymers are produced, the processes 
disclosed generally require several reaction steps and 
5 the use of molar, as compared to small catalytic quantit- 
ies, of alkali metal catalysts; consequently development 
of a process which would be even more direct would offer 
some further technical as well as economic advantages. 

10 In accordance with the present invention there is 

provided high molecular weight, high viscosity, primarily 
straight chain liquid, water soluble, polyoxyalkylene 
glycol block copolymers that are suitable for use as funct- 
ional fluids comprising polyoxyalkylene glycol block co- 

15 polymers having the general formula I 




20 wherein Q is the organic residue from an aliphatic or 

aromatic diisocyanate including those diisocyanatest of the 

oligomeric or prepplymer types derived from the reaction 

of an excess of diisocyanate with a short chain diol which 

contain urethane linkages; x is an integer representing 

25 the average number of polyurethane blocks in the copoly- 

12 

mer and is in the range of 1 to 10; R and Ir:, which can 

be the same or different, are hydrogen, methyl, ethyl or 

mixtures thereof with the proviso that the overall content 

12 

of species wherein R and R is hydrogen must be at least 
30 50 percent by weight; R^ and R^, which can be the same 
or different, are organic residues resulting from the 
removal of terminal hydrogen atoms from difunctional 
polyols and may be alkylene, arylene, alkarylene, aralk- 
ylene, cycloalkylene , heterocycloal kylene radicals or 
35 mixtures thereof; y and z are integers representing the 
average number of polyether blocks in the copolymer with 
the proviso that the sum of y and z must be from 1 .05 
to 2.0 times the value of x; and ji,m, r, and s, which may 
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be the same or different, are integers wherein n = m and 
r = s and the sums of n+m and r+e, which may "be the 
same or different, are each in the range of about 8 to 
250* 

5 . 3Che novel copolymeric compositions of the invent- 

ion are water soluble materials that have utility in a 
wide spectrum of functional fluid applications , either 
in concentrated form or in water-based systems. Moreover 
the copolymeric compositions have been found to be highly 

10 efficient thickening agents for water-based systems, 
having a significantly higher viscosity than found for 
conventional poly(alkylene oxide) polymers of similar 
molecular weight. 

In accordance with the invention there is also 

15 provided a process for preparing water soluble, high 
molecular weight poly ( alkylene oxide) block copolymers 
which are suitable for use as functional fluids which 
comprises reacting, with vigorous agitation, a stoichio- 
metric excess of a polyoxyalkylene diol containing at 

20 least 50 percent by weight of oxyethylehe groups with' 
an or gani c diisocyanate wherein the total equivalent 
of hydroxy! functionality of said diol exceeds the equiv- 
alents of isocyanate functionality by a factor in the 
range of from about 1 .05 to 1 to 2.0 to 1 for the time 

25 necessary to prepare a hydroxyl terminated copolymer 

condensation product. Ihe condensation reaction can be 
carried out at elevated temperatures of from about 40 6 0 
to about i75°C with or without a catalyst being present. 

The polyoxyalkylene glycols suitable for use in 

30 preparing the polyoxyalkylene copolymers of the present 
invention are diols having the formula: 

■ > 

R[0(CH 2 CHR 1 0) n H] 2 



35 



wherein R is an organic residue resulting from the removal 
of terminal hydrogen atoms from diols and may be alkylene, 
arylene, alkarylene, aralkylene, cycloaliylene , hetero- 
cycloarylene and the like radicals or mixtures thereof, 
R is hydrogen, methyl, ethyl or mixtures thereof, and n 
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is an integer in the range of 4 to about 125» 

The suitable diols are polyoxyalkylene glycols 
which have a molecular weight from about 600 to about 12,90$ 
and preferably from about 1500 to about 6,000, and contain 

5 both oxyethylene groups and higher oxyalkylene groups, 
such as oxypropylene and oxybutylene groups in the mole- 
cule . The amount of oxyethylene groups in the molecule 
is such that the polyoxyal kylene glycols are water soluble 
at ordinary temperatures and the amount of oxypropylene or 

10 higher oxyalkylene group is such that the polyoxyalkylene 
glycols remain liquid at ordinary temperatures. The oxy- 
ethylene-oxypropylene ratio may vary, but compounds suit- 
able for use in accordance with the practice of the invent- 
ion should have at least 50 percent by weight of oxyethy- 

15 lene groups, with a ratio of from about 60 - 40 to about 
90 - 10 being preferred. 

These polyoxyalkylene glycols are known in the art 
and are commonly produced by reacting a mixture of ethy- 
lene oxide and other alkylene oxides, such as propylene 

20 oxide, with a short chain compound having two active 

hydrogen atoms including, for example, dihydric alcohols, 
such as ethylene glycol, 1 , 2-propylene glycol, 1 , 3-propylene 
glycol, butylene glycols, diethylene glycol, diprppylene 
glycol, triethylene glycol, as well as other such aliphatic 

25 dihydroxy compounds; aromatic dihydroxy compounds such 
as bisphenol A; cycloal i.phatic dihydroxy compounds and the 
like. 

The polyoxyalkylene glycols can have a variety of 
molecular structures such as random, block, heteric (both 

30 random and block structure together), gradient (as for 
example, from a continuously varying programmed feed), 
and various other comb ina tions. The products of reaction 
will have generally linear oxyalkylene chains and such 
chains will terminate with hydroxyl groups. Exemplary 

35 suitable polyoxyalkylene glycols are available commercially 
under the trademark designation UC0N fluids and CARB0WAXES 
from Union Carbide Corporation, and the trademark design- 
ations Pluronics from BASF Wyandotte. 

Diisocyanates suitable for use in preparing the 
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polyoxyalkylene copolymers of the present invention may be 
any of the knownaromatic or aliphatic diisocyanates provided 
that these are clearly difunctional, i.e., they should be 
free of any functionality greater than 2 and essentially free 

5 of monofunctional speqies to avoid crosslinking and chain 
growth termination reactions. These isocyanates are well 
know to those ski 11 ed in the polyurethane art and illustrat- 
ive thereof can be mentioned aromatic diisocyanates such as 
4,4* -me thylenebis ( 4-phenylisocyanat e ) . tolylene w&iisocgranate , 

10 and phenylene diisocyanate which are preferred because of the- 
ir high reactivities and low equivalent weights; aliphatic 
diisocyanates, such as 4, 4* «*me thylenebis ( cyclohexylisocyanatef), 
And trimethylhexamethylene diisocyanate and the like, and 

mixtures of such diisocyanates. 

15 Also suitable are oligoitieric diisocyanates, known as 

pr epolymers , which result from reacting a short chain glycol 
with substantial excess of diisocyanate to form a low to 
moderate molecular weight (molecular weight up to about 1500) 
linear ur ethane prepolymer terminated with -^HCO groups. The 

20 choice of glycols employed in the preparation of urethane 
prepolymers for use in compositions of the invention should 
be made so that the polyoxyalkylene copolymer prepared there- 
from will be watier soluble. 

In producing the polyoxyalkylene copolymers of the 

25 invention a stoichiometric excess of the polyoxyalkylene 

glycol is reacted with the diisocyanate. The copolymers of * 
the invention must be prepared under conditions wherein the 

total equivalent^ ,qj£ J^djraxyl functional i ty ^exceeds 

the total equivalents of is o cyan ate functionality. The 

30 0H/NC0 ratio can vary from about 1 .05:1 .0 and 2.0:1 .0, 
and preferably is in the range from about 1.15:1 »0 and 
1 .50:1 »0. This stoichiometry assures the production of 
a copolymer terminated with hydroxyl groups which, hence, 
is unreactive towards water, alcohol, amines, etc. which 

35 may "be used in formulating functional fluids with the 
copolymers of the invention. 

The molecular weights of the polyoxyalkylene block 
copolymer compositions of the invention that are produced 
are less than that which may be theoretically calculated 
but, in general, can be varied by the choice of reactants 
employed. For example, the use of lower molecular weight, 
high oxyethylene content polyo^alkylene glycols provides 
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copolymers more closely approaching their theoretical 
molecular weights than does the use of high molecular 
weight polyoxyalkylene glycols of lower oxy ethylene content. 
The viscosities of the polyoxyalkylene copolymers 
5 of the invention are governed both by their molecular 
weight and by their urethane moiety content. With any 
given combination of reactants, the copolymer viscosity 
will increase with decreasing OH/MJO ratio and at a given 
OH/ETCO ratio, the product viscosity will increase with 
10 increasing urethane moiety content. In any case, the 

copolymers of this invention will exhibit viscosities of 
from about 2 to about 5 times that of a conventional 
polyoxyalkylene glycol of comparable molecular weight* 
This is an important and surprising feature of the comp- 
15 ositions of the present invention since the thicke ning 

efficiency of the copolymer in water-based systems is an 
important factor in determining the concentration of the 
polymer that must be used to achieve desired results from 
a given functional fluid f ovulation. 
20 The polyoxyalkylene block copolymers of the 

invention can be produced by reacting one or more poly- 
oxyalkylene glycols with one or more diisocyanates in 
stoichiometric proportions wherein, as hereinabove des- 
cribed, the total equivalents of hydroxyl functionality 
25 of the polyoxyalkylene glycol reactant exceeds the total 
equivalents of isocyanate functionality of the diisocyan- 
ate reactant by a factor of from about 1.05:1 to 2.0:1. 

To be suitable for use in preparing the block 
copolymer compositions of the invention, the polyoxyalky- 
30 lene glycols must be free from residual basic catalyst 
used in their preparation. If the residual catalyst is 
not removed, the ensuing condensation reaction with a 
diisocyanate will lead to the formation of gels. The poly- 
o^yalkylene glycol may be neutralized by any suitable method 
35 known in the art such as by ion-exchange techniques or 
treating the glycol under heat with a solid magnesium 
silicate. For example, in the ion-exchange procedure, 
an aqueous alcoholic solution of the basic catalyst con- 
taining polyglycol is first passed through a bed of an 
acidic (H-form) ion-exchange resin and the effluent it 
then stripped of water and alcohol diluent 3. 
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alternate procedure, the base-containing polyglycol is 
first heated with magnesium silicate neutralizer for 
one to several hours at 50°0 to tOO°C and then recovered 
by filtration to remove the solid neutralizer. Regardless 
5 of the neutr ali z ing procedure used, the hydroxyl number 
molecular weight of the neutralized polyoxyalkylene glycol 
should be determined so that the amount of diisocyanate 
reactant to be used in the condensation reaction can be 
established . 

10 Another important factor that must be taken into 

account concerning the polyoxyalkylene glycol reactant 
to be used in accordance with the practice of the invention 
is the water content thereof. The glycol reactant should 
be essentially free of water, that is, it should contain 

15 less than 0.1?6, and preferably, 0.02$ or less of water. 
The polyglycol may be treated by vacuum stripping or 
azeotropic dist illat ion to remove undesirable amounts of 
water. A low water content in the glycol reactant is 
required because water is reactive with isocyanates and 

20 the presence thereof in any significant quantity will 

upset the OH/BOO stoichiometry of the ensuing condensation 
reaction. 

* As pointed out hereinabove, in polyoxyalkylene 
glycols suitable for use in preparing polyoxyalkylene 
25 glycol block copolymers of the invention at least 50 

percent by weight of the oxyalkylene groups in the chain 
must be oxyethylene groups, and preferably, should be from 
about 65 to 85 percent by weight of the total weight. 

Suitable diisocyanates as hereinabove described 
30 for use in preparing the polyoxyalkylene glycol block 

copolymers of the invention may be any aromatic or alip- 
hatic difunctional diisocyanates having a molecular weight 
of up to about t500; or mixtures thereof . 

Regardless of the type or types of diisocyanate 
35 used, the equivalent weight or free SCO content must be 
determined before using it as a reactant in the conden- 
sation reaction of the invention. 

The condensation is preferably carried but in 
bulk without the use of solvents or diluents, though if 
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desired, a solvent can be used which is nonreactive and 
inert to the reactants. In a preferred embo dime nt, the 
polyoxyalkylene glycol reactant, and catalyst, if one is 
desired, are charged to a heated reactor and the diiso- 

5 cyanate reactant is fed to the heated reactor. The time 
of addition is not critical and is generally chosen so 
that the exotherm does not exceed the cooling capabilities 
of the reactor . It is desirable to blanket the reaction 
charge with an inert gas such as nitrogen to prevent color 

10 buildup due to oxidation. 

After completion of the condensation reaction, 
the high viscosity products formed are preferably removed 
from the reactor while still hot in order to facilitate 
the material transfer • Alternatively, a preferred proced- 

15 ure may involve converting the bulk reaction product dir- 
ectly to an aqueous concentrate, e.g. a 50# aqueous 
solution, by adding the required amount of water directly 
into the reaction product after completion of the cond- 
ensation reaction and using the reactor agitator to form 

20 a solution at a temperature of 50°0 to t00°C. 

Efficient agitation of the reaction mixture is an 
important factor in the process because of the high visc- 
osity of the reaction product, and suitable agitation 
means must be provided. 

25 The temperature at which the condensation reaction 

can be carried out is not narrowly critical but will 
generally range from about 40°C to about t75°C, and 
preferably, from about 50°0 to about 125°C- The pressure 
used is, also, not critical and may be varied widely, 

30 though atmospheric pressure is generally preferred. 

The condensation reaction can be affected with 
or without a catalyst being present, but generally, it is 
preferred that a catalyst is employed. Prom about 0.01 
percent to about 0.1 percent, based on the weight of 

35 polyoxyalkylene glycol, of a catalyst typical 1 y employed 
in the preferation of polyurethanes, such as DABC0, stann- 
ous octoate, dibutyltin dilaurate, and the like, can be 
advantageously employed. When carried out in the presence 
of a catalyst, the reaction proceeds rapidly and as little 
as 10 minutes may be satisfactory through about 1 hcv?r 
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Is generally preferred. 

Hie invention is further described in the Examples 
which follow* parts and percentages are by weight 

unless otherwise specified. 
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EXAMPLE I 

A quantity of a diethylene glycol started ethylene 
oxide/propylene oxide (75/25 by weight) polyoxyalkylene 
glycol havin| a nominal viscosity of 5000 SUS (approx 
10-14x10" m /s) and a molecular weight of 4000-5000 

5 was neutralized by heating for one hour at 100°C with 2 
percent by weight of magnesium silicate purchased under 
the trademark designation Magnesol. The polyglycol was 
then filtered and vacuum stripped. 

The neutralized polyglycol was analyzed and deter- 

1 0 mined to have a molecular weight of 4924, a water content 
of 0.04 percent, a viscosity of 9.76 x 10~ 4 m 2 /s at 
37.8°C and no alkalinity. 

A 1 -liter glass resin kettle fitted with an 
agitator (4-bladed, pitched blade types operated at 300 

15 rpm), temperature recording thermocouple, feed tank, and 
an inert gas inlet tube was used in carrying out the 
condensation reaction experiments of this Example. 

A series of four reaction experiments were run 
using the proportion of reactants s umma rized in Table I 

20 and the following procedures: 

The neutralized polyoxyalkylene glycol and the 
catalyst were charged to the reaction vessel and a nitrogen 
blanket was then fed into the reactor. The reactants \ 
were heated to 55°C-60°C with agitation. Molten 4,4'- 

25 methylenebis (phenylisocyanate) (MDI) was then fed into 
the reactant charge through the feed tank, using a total 
feed time of about 10 minutes. The temperature was 
allowed to rise as the reaction exothermed and the charge 
built viscosity. Following addition of all the MDI, the 

30 temperature was increased to about 100°C and maintained 
there for about one hour. The viscous copolymer was then 
discharged from the reactor while hot and then analyzed. 
The charaterization data determined for each of the react- 
ion products prepared in this Example are also summarized 

35 in Table I, below. 
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TABLE I 



Reactants EXPERIMENTAL REACTION 

Charge (gamsj * A B ~ C D 

Polyglycol 492,4 300.36 300.36 300;36 

Catalyst 0.246 0.15 0.15 0.15 

MDI 17.91 10.56 10.16 9.62 

OH/NCO Ratio 

Overall Basis 1.549 1 606. l kaa i «i 

Isocyanate Moiety. 3;51 3 40 3 27 5 10 

(wt.7. of feacttots) # 3 - 27 3 - 10 

Product Molecular Weight 

By OH Number X 3,256 12,174 11.648 9,906 

(Ligation 12 * 46 ° 13 » 210 13 ' 300 ".380 
Chromatography) : 

AC ^r!I^ - 4 - 85 *« 29 3.39 

(From OH Number 

Molecular Weight) 



Product Viscosity 

(m'Va at 



Bulk Eluid t373x10"* 4 ' Ipd8x10-" 4 771x10^ 489x1 0" 4 

-50# Aqueous .Sol" n 17.4x10~ 4 ' 13.55xt0" 4 11.23x10"^ 4 8.10x10" 4 

Product Cloud Point . *C 

50% Aqueous Sol'n 33 83 " 84 84 

IX Aqueous Sol 1 a 58 60 61 62 
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The OH number and Gel Permeation Chromatography 
are standard techniques for determining the molecular 
weight of polymers c 

It is apparent that high molecular weight, water 
soluble polymers were prepared which exhibit extremely 
high viscosities. 
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Ifeing the procedure and apparatus of Example 1 , 
a series of 5 reaction experiments were run to study the 
relationship of isocyanate moiety content of the copolymer 
prepared and viscosity. The proportions of reactants are 
summarized in Table II. 

In this Example a diethylene glycol started 
ethylene oxide/propylene oxide (75/25 by weight) having a 
nominal viscosity of 5000 SUS at 37.8°C (10-1 4 x 10~ 4 m 2 /s) 
and a molecular weight of 4000-5000 was used after neutral- 
izing by the technique of Example 1 . After neutralization, 
the polyoxyalkylene glycol was determined to have a mole- 
cular weight of 4,170, a water content of 0.016 percent, 
a viscosity of tt *34 x t0~ 4 m 2 /s at 37.8°C and a nil alka- 
linity. The diisbcyanate and catalyst of Example 1 were 
used ixr the experiments of this Example. 

After completion of the reaction in each of the 
experiments of this example, the reaction product was 
discharged from the reactor while hot. An analysis of the 
properties determined for the reaction products of each 
of the experiments is summarized in Table II. 

It is apparent from the data thair high molecular 
weight, high viscosity, water soluble copolymers are pre- 
pared in each of the reaction experiments of the Example. 
It is also shown that increasing the isocyanate moiety 
content of the copolymer results in a product that exhibits 
a higher viscosity. 
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TABLE II 



React ant 
Weights (grams) 

Polyglycol 
Catalyst 

MDI (diisocyanate) 

OH/NCO Ratio 

Overall basis , 
Weight % Isocyanate 
Moiety 

Reaction Product 
" Properties 
Molecular Weight 

By OH Number 
Gel Permeation 

Chromatography (GPC) 

Actual Degree of 
Polymerization 

(From OH Number 
Molecular Weight) 

Viscosity 
fa 2 /s at ITlaoc ) 
Bulk Fluid 
50# Aqueous Sol'n 
Cloud Point °C 



333.6 
0.167 
15.99 



1.298 
4.57 



13,438 
15,760 



5.65 



Reaction Experiment 



834 

0.411 

39.27 



1.321 
4.50 



12 , 940 
15,270 



5.40 



333.6 
0.167 
15.39 



1.348 
4.41 



12,759 
14.130 



5.29 



2£56x10~ 4 2p41xtO* H ' 1£57x10~ 
28. 88x1 (T 4 25B4xt 0~ 4 2156x1 0~ 4 



^-4 



17. Aqueous Solution 52.5 



51.5 



52 



333.6 
0.167 
14.29 



1.454 
4.10 



333.6 
0.167 
13.33 



1.557 
3.84 . 



12,287 
15,400 



4.95 



1,548x1 0~ 4 
1 757x1 0^ 4 



54 



11,315 
14,240 



4.45 



7?64x10" 
1 209x1 0" 



56 



/ 
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Using ; the procedure and apparatus of Example T, 

a condensation reaction was «aa?ried out using the following 

proportion of ingredients* 

5 [ Polyglycol 333.6 grams 

Catalyst 0,167 grams 

Toluene Diisocyanate 10.92 grams 
(TBI) 

The polyglycol used was the neutralized polyglycol 
of Example 2 which after neutralisation had a molecular 
10 weight of 4,170, a water content of 0.01 6?S, viscosity at 
37.8°C of 11 .34 x tO"" 4 m 2 /s and at nil alkalinity » The 
catalyst used was the catalyst of Example 1 . 

After completion of the condensation reaction, 
the reaction products were removed while hot from the 
15 reactor and an analysis thereof made. In TaTjle III, below, 
are summarized the results of the analysis. 

TABLE III 

React ant Parameters 

Polyglycol Molecular Weight 4,170 
. - 1 — Viscosity, cks. 1,134 

0H/NC0 Ratio (Polyol basis) 1.276 
Weight X Isocyanate Moiety 3,17 

Reaction. Product Properties 

Molecular Weight 

By Ott Number 11,214 . 

By GPC 13,60Q 

Actual Degree of Polymerization 4.58 
(From oH Number Mdl. Wt.) 

Viscosity » m 2 /a at 57.8°C A 
Bulk Fluid 1 * 108x1c Q 
502 Aqueous Solution 10.57 x 10"" 4 

Cloud Point , tf C 

5UZ Aqueous Solution 84 
17. Aqueous Solution 63 



As is apparent from ~the data, a high molecular 
weight, high viscosity, water soluble copolymer was 
prepared 0 • - 
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EXAMPLE 4 

A polyoxyalkylene glycol which was a random 
structure ethylene oxide/propylene oxide copolymer (77/23 
by weight) prepared by reacting a stream of 75/25 ethylene 

5 oxide-propylene oxide with an. initiator which was the 
reaction product of bisphenol A and 6 moles of ethylene 
oxide was used in this experiment. The polyoxya.1 kylene 
glycol, which was neutralized by ion-exchange techniques 
and vacuum stripped, had a number average molecular weight 

10 of 5,095 and a viscosity at 37.8°C of 14.20 x 10~ 4 m 2 /s 
(6565 SUa). 

Using the procedure and apparatus of Example t 
a condensation reaction was carried out using the following 
proportion of ingredients * 
15 Polyglycol 305.7 grams 

Catalyst 0.158 grams 

MDI 10.17 grams 

0E/NC0 ratio (polyol basis) 1 .485 
Weight $ Isocyanate Moiety 3.20 
20 The reaction product was removed hot from the 

reactor and analyzed. A summary of the properties determin- 
ed for the reaction product are reported in Table IV, below. 
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TABLE IV 

Polyglvcol Reactatii- 

Molecular Weight 5095 
Viscosity at 37.8°C in m 2 / s 14,20 x 10" 4 

Reaction Product 

Molecular Weight 

By OH Number „ , n - 

By GPC 11,702 

' 13,480 
Viscosity at 37.8<>0 in m 2 /« 

Bulk Fluid 9,340 x 10" 4 

50# Aqueous Solution 16.72 x 10~ 4 

Cloud Point. °C 

50% Aqueous Solution 7 , 
- 1% Aqueous Solution 40 § 



Prom the data, it is apparent . that a high 
molecular weight, high viscosity, water soluble copolymer 
was produced. 



I 

/ 
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EXAMPLE 5 

Using the procedure and apparatus of Example 1 , 
a series of three experimental reactions were carried 
out using the following properties of ingredients: 



5 


A 


B 


C 


Polyglycol (grams) 


236.95 


236.95 


236.95 


Catalyst (grams) 


0.1t8 


0.118 


0.118 


MDI (grams) 


8.32 


8.94 


10.0 


1 0 OH/NCO Ratio 


1 .539 


1 .432 


1 .280 


(overall basis) 








Weight # Isocyanate 


3.39 


3.64 


• 4.05 



Mciety 



The polyoxyalkylene glycol used in this Example 
was the same as the polyglycol used in Example 2, except 

15 that it was neutralized "by ion-exchanging and then vacuum 
stripped. The polyglycol had a molecular weight of 4,739, 
a water content of 0.0088?S, a viscosity at 37.8°C of . 
11.79 x 1CT 4 * m 2 /s, and a nil alkalinity. The catalyst and 
isocyanate used here were the same as that used in Examples 

20 1 and 2. 

A summary of the analysis of the reaction products 
from each of the experimental reactions is reported in 
* . Table Vv It is apparent from the data that high molecular 
weight, high viscosity, copolymers were prepared by each 
25 experimental reaction. 
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Polyglycol Reactant 
Molecular Weight" 
Viscosity a=b 37»8°C. 

' in m 2 /s 
OH/HCO Eatio 
Reaction Products 
Molecular W eient 
By OH Number ' 
By GPC 

50?S Aqueous Solution 

Cloud Points. °C 

iU7. Aqueous Solution 
1% Aqueous Solution 



TABLE V 

Experimental Reaction 
A " B C — 

4.739 4.739 4,739 

1 1 .79x1 0- 4 t T . 79x1 0" 4 11. 79oct O" 4 
1 .539 1 .432 1 .280 

i?'JZ2 J?' 200 n »030 
11,290 12,710 13,840 



8°C 



435 . fist OT 4 637 . tzt 0~ 4 989 . 7x1 0~ 4 
8.32 s:1 0- 4 T 0.47x1 0*" 4 1 4. 74x1 CT 4 



82 
57.5 



82 
57 



80.5 
54.5 



Using the procedure and apparatus of Example 1 , 
a series of four experimental reactions were carried out 
using the following proportion of ingredients: 

Polyglycol (grams) 384-2 384*2 384.2 384.2 
Catalyst (grams) 0.t92 0*192 0.192 0.192 

Diisocyanate (grams) 34. t2 33»52 32.74 31.93 

OH/BTCO Ratio 1.102 1.132 1 .159 1.189 

(overall "basis) 
Weight $> Isocyanate 8,26 8.03 7.85 7.67 

3Ehe polyoxyalkylene glycol used was diethylehe 

glycol started ethylene oxide/propylene oxide (75/25 by 

weight) random copolymer. The polyoxyalkylene glycol 

did not require neutralization but was . vacuum stripped 

prior to use. The material had a molecular weight 

of 2*561, a wat©r content of 0.0082 percent, a viscosity 

at 37.8°0 of 3.47 x 10~ 4 m 2 /s and a nil alkalinity. The 

catalyst and diisocyanate of Example t were used in this 

Example . 

The reaction products prepared during each experi- 
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mental reaction were analyzed and the properties determin- 
ed are summarized in Table 71. It is * apparent from the 
data that a high molecular weight, high viscosity, water 
soluble copolymer was produced. 



TABLE VI 



10 



Experimental Reaction 
A T D 

Polyglycol Reactant 

Molecular Weight ~ 2 ' 561 , -4 2 v* 61 «^-4 2 . 561 -A 2 ! 561 , 
Viscosityt at37.8RCin nf/a 3.47x10 * 3.47*10^ 3.47x10 4 3. 47^10 * 
OH/NCO Ratio 1.102 1.132 1.159 1.189 

1 c Reaction Products 
Molecular WeigKE 

By OH Number 12,021 10,896 9,766 8,459 

-.Visc osity, m 2 /s at 37. 8°0 . . a a 

Bulk F luid 3,045x10-* 2/97x1 0" 4 * 1,745x1 CT 4 " 1^49x1 0- 4 

5C# Aqueous Solution 26.56x10- 4 25.0&c1CT 4 20.24x1 0" 4 15.38tx10" 4 
Cloud Point, °C 

PQ 50% Aqueous Solution 61 62.5 63.5 64 

1% Aqueous Solution 29.5 30.5 32.5 34.5 



EXAMPLE 7 

25 Using the procedure and apparatus of Example 1 , 

two experimental reactions were run using a 40/60 mole 
percent and 30/70 mole percent mixture of the polyoxy- 
alkylene glycol used in Example 5 (75/25 "by weight random 
E0/P0 copolymerx) and a diethylene glycol started ethylene 

30 oxide propylene oxide (85/15 hy weight) random copolymer 
polyoxyalkylene glycol. Each of the polyglycols was neut- 
ralized "by ion-exchanging and then vacuum stripped. The 
75/25 copolymer had a molecular weight of 4,739 and a 
viscosity of 11.79 x 10~ 4 m 2 /s at 37.8°C while the 85/15 

55 copolymer had a molecular weight of 1389 and a viscosity 
of 1.78 x to"" 4 * m 2 /s at 37.8°C. The proportion of ingred- 
ients in each of the two experimental reactions were as 
follows : 
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A 


B 


223.56 


158.99 


96.67 


106.95 


0>16 


0.133 


25.H 


25.0 


1.t53 


1.095 


7.3 


11 .15 



75/25 Polyglycol (grams) 
85/15 Polyglycol (grams) 
Catalyst (grams) 
Diisocyanate (grams) 

5 0H/ITC0 Ratio (polyol 

basis) 

Weight ?£ Isocyanate 

The catalyst and diisocyanate reactants used in 
this Example were the same as were used in Example 1 • 
10 ODle reaction products obtained from each of the 

two experimental reactions were analyzed gnrj the results 
determined are summarised in Table VII . The data shows 
that high molecular weight, high viscosity r water soluble 
copolymers were produced during each of the experimental 
15 reactions of this example. 



TABLE VII 



Reactants 

75/25 Polyglycol mole % 

Molecular Weight 

Viscosity at 37.8°C,m 2 /s 
85/15 Polyglycol mole X 

Molecular Weight 

Viscosity at 37.8°C,m 2 /s 
0H/NC0 Ratio (polyol basis) 

Reaction Products 

Molecular Weight % 
By OH Number 

Bulk Fluid 
50fo Aqueous Solution 

Cloud Point, °C 

507. Aqueous Solution 
1% Aqueous Solution 



40 
4,739 

11 .79xt(T 4 
60 
1,389 

1 .78x10- 4 
1.153 



12,023 



30 
4,739 

1t".79^10" 4 
1,389 

1 i?85i 0_4 



11,968 



3,031x10~ 4 5,525xt0~ 4 
25 . 1 9x1 CT 4 41 # €3xt 0~ 4 



77 
47.5 



73 
39.5 
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EXAMPLE 8 

Using the apparatus and procedure of Example 1 , 
864.5 grams of a polyoxyalkylene glycol having a mole- 
cular weight of 2,561 and a 75/25 ethylene oxide/propylene 
oxide random composition is reacted with 51 .39 grams of 
toluene diisocyanate (80/20 2,4/2,6 type) at 10Q°0 in the 
absence of any added catalysts. The reaction mixture is 
periodically examined by Infra-Red Spectroscopy to 
monitor the presence of unreacted - MJO functionality 
which absorbs at 4.42^ in the Infra-Redo When such 
instrumental analysis shows no 4IC0 functionality to be 
present, a wet chemical analysis for -NCO, using the 
standard method employing reaction with excess di-n- 
butylamine followed by back - titration of excess 
amine with hydrochloric acid, is run to confirm comple- 
tion of the reaction. The reaction product is discharged 
while hot and a high viscosity, water soluble fluid 
copolymer is obtained. 
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CLAIMS 

1. A high, molecular weight, high viscosity, 
liquid, water soluble polyoxyalkylene glycol block 
copolymer having the formula: 



5 




wherein Q is the organic residue from an aliphatic or 
aromatic diisocyanate or prepolymers derived therefrom 



10 having a molecular weight up to about 1500; x is an int- 
eger representing the average number of pblyurethane 
blocks in said copolymer and is in the range of about 1 
to about 10; R 1 and R 2 , which can be the same or diff- 
erent, are hydrogen, methyl, ethyl, or mix tures thereof 

15 withjthe proviso that the overall content of species where- 
in R and R 2 are hydrogen must be at least 50 percent by 
weight; R- 5 and R*, which can be the same or different, 
are organic residues resulting from the removal of term- 
inal hydrogen atoms from difunctiorial polyols and are 

20 alkylene, arylehe, alkarylene, aralkylene, cycloalkyene, 
heterocycloalkylene radicals or mixtures thereof; y q r n<i 
z are integers representing the average number of poly- 
ether blocks in said copolymer with ther.proviso that the 
sum of y and z must be from about 1 .05 to 2.0 times the 

25 value of x; n,m,r, and s, which can be the same or diff- 
erent, are integers wherein n=m and r=s and the sums of 
n + m and r + s, which can be the same or different, are 
each in the range of about 8 to about 250. 

"2. The block copolymer of claim 1 wherein 

30 R 1 and R 2 are mixtures of hydrogen and methyl. 

3. !Ehe block copolymer of claim or claim 2 
wherein Q is an organic residue from an aromatic diiso- 
cyanate, preferably wherein R 5 and R 4 are alkylene radi- 
cals of alkarylene radicals . 

35 4. The block copolymer of claim 1 wherein R^ 

and R^ are alkylene, arylene, alkarylene, aralkylene 
radicals or mixtures thereof. 

5o The block copolymer of claim 1 wherein the 
sums n + m and r + s are each in the range wherein each 
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of the polyether blocks in said copolymer has a molecular 
weight within the range of about 1500 to about 6000. 

6. The block copolymer of claim 1 wherein the 
polyether blocks in said copolymer have a random, block 
or heteric molecular structure and preferably a random 
molecular structure. 

7. A method of preparing water soluble, high 
molecular weight polyoxyalkylene glycol block copolymers 
which are suitable for use as functional fluids which 
comprises reacting with vigorous agitation and for the 
time necessary to prepare a hydroxyl terminated block 
copolymer a stoichiometric excess of a polyoxyalkylene 
diol containing at least 50 percent by weight of oxy- 
ethylene groups with an organic diisocyanate having mole- 
cular weight up to about 1500 wherein the total equi- 
valent of hydroxyl functionality of said diol exceeds the 
equivalents of isocyanate functionality by a factor _in 
the range of from about t.05:1 to 2.0:1, preferably said 
organic diisocyanate being an aromatic diisocyanate." 

80 The method of claim 7 in which said poly- 
oxyalkylene diol has the formula: 

RfOfCH 2 CHR 1 0) n H] 2 

wherein R is an organic residue resulting from the 
removal of terminal hydrogen atoms from diols and are 
alkylene, arylene, alkarylene, aralkylene, cycloalkylene , 
heterocycloarylene radicals or mixtures thereof , b} is 
hydrogen, methyl, ethyl or mixtures thereof, and n is 
an integer in the range of 4 to about 125* 

9. The method of claim 7 in which the said 
polyoxyalkylene diol has a random, block or heteric, 
molecular structure, and preferably a random molecular 
structure. 

10. The method of claim 7 in which said polyoxy- 
alkylene diol is essentially free of alkalinity and/or 
is essentially free of water. 
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